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Reply to Repping et al.
To the Editor:
We welcome the enormous contribution that Repping
and colleagues have made to the elucidation of the DNA
sequence and organization of the Y chromosome, but
many questions remain unanswered after the sequencing
of the Y chromosome of one man (Skaletsky et al. 2003).
It was appreciated, almost a decade ago, that the struc-
ture of the AZFc region is particularly variable; six in-
dependent deletion events and four duplications that af-
fect one short section of this region (50f2/C), together
representing ∼8% of normal men, were identified by
Jobling et al. (1996), and this study could have detected
only a small proportion of the total AZFc variation.
Yet, it provides a useful benchmark for an assessment
of our current understanding. We can now define the
molecular basis of one of the deletions described in 1996,
the haplogroup-12 “small” 50f2/C deletion (Fernandes
et al. 2004; Repping et al. 2004b), and possibly a second
(if the “small” 50f2/C deletion in haplogroup 2 [Jobling
et al. 1996] corresponds to the b2/b3 deletion in YCC
haplogroup F*[xHK] or I [Repping et al. 2004b]), but
the 50f2/C duplications all fall on haplotypic back-
grounds different from those of the b2/b4 duplications
(which include 50f2/C) described so far (Repping et al.
2003). Thus, researchers have still not accounted for at
least 8 of 10 rearrangements reported in 1996. It seems
that our current methods, whether based on SNVs/SFVs
or on plus/minus STSs, allow us to describe only a small
proportion of the variation present in this region.
Are plus/minus STSs, nevertheless, more useful than
SNVs/SFVs for characterizing AZFc variation (Repping
et al. 2004a [in this issue])? It is a matter of opinion.
Even for the best-characterized variants, the gr/gr and
g1/g3 (also known as “b2/b3”) deletions, it is unclear
whether the independent deletions on different lineages
represent true recurrent mutations—taking place at the
same recombination site each time—or whether the re-
combination events have occurred in different locations
within the amplicons on different occasions. In the latter
case, conflation of different structures—which could
have different gene contents—by plus/minus STSs would
be a weakness of this classification scheme, and discrim
ination between them by SNVs, a strength (fig. 1 of
Repping et al. [2004a] [in this issue]). It would, however,
seem rash to rely on either of these two methods alone—
FISH, used by Repping et al. (2003); Southern blotting,
used by Fernandes et al. (2002, 2004); and quantitative
PCR can all be helpful in defining the structures. But
most important of all, this work highlights the impor-
tance of an evolutionary understanding of the Y chro-
mosome, and we particularly welcome Repping et al.’s
acceptance of this evolutionary approach.
Evolutionary interpretations must, however, be made
with caution—we should avoid the “fallacy of the con-
temporary ancestor” (Jobling et al. 2004). Modern in-
verted Y chromosomes (see fig. 3 of Repping et al.
[2004b]) are not the ancestors of haplogroup-N chro-
mosomes, and their frequencies do not indicate which
mutational pathway was followed. The best guide to the
pre-N structure may be provided by haplogroup-O chro-
mosomes, a sister clade to N in the current Y phylogeny
(Jobling and Tyler-Smith 2003) and thus the closest
known outgroup. The b2/b3 inversion has indeed been
reported in haplogroup O (Repping et al. 2004b); if it
was present in the common ancestor of the two lineages,
the haplogroup-N deletion would result from a g1/g3
deletion following this b2/b3 inversion, rather than a
b2/b3 deletion following a g1/g3 inversion. If so, the
conclusions from the SNV-based study (Fernandes et al.
2004) would be more accurate than those from the plus/
minus STS–based one (Repping et al. 2004b).
The present discussion can take place only because
our methods for characterizing AZFc structures are pit-
ifully inadequate. Rather than behaving like the pro-
verbial group of blind men who encounter an elephant
from different sides and insist on describing it from their
own favorite partial perspectives, we should assume that
all the inversions, duplications, and deletions that are
permitted by the sequence will occur, limited only by the
winnowing of natural selection. The resulting structures
may differ, by many rounds of rearrangement, from the
modern haplogroup-R GenBank sequence, but use of the
SNP-based phylogeny (Jobling and Tyler-Smith 2003)
may allow us to understand the relationship between
these structures. It would be even better to develop rad-
ically improved ways of elucidating the entire structure
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so that we can obtain a reasonably complete view of
this complex and evolutionarily labile region.
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